INTRODUCTION
There is still considerable controversy about the role of phytoalexins in plant resistance to fungal pathogens. In several host-parasite interactions, a strong correlation has been established between the amounts of phytoalexins and resistance to the pathogen (Yoshikawa et al., 1978; De Wit & Flach, 1979; Bailey et al., 1980; Mansfield, 1982) . However, little is known about the biological activity of these compounds in vivo during the expression of resistance (Mayama et al., 1982; Moesta & Grisebach, 1982) . Consequently, the hypothesis that phytoalexins are only by-products of pathogenesis and do not play a role in resistance cannot be ruled out (Ward, 1983) . In this paper, we report the isolation of mutants of Nectria galligena resistant to benzoic acid (BA), the phytoalexin of immature apples (Maluspumila) , and present a study of their aggressiveness compared to that of the wild-type strain.
METHODS
Fungus. Nectria galligena wild-type strain (isolate 7801) was isolated from a naturally-infected apple. After growth from a single microconidium, the pathogen was cultivated on malt agar medium comprising (per litre): maltea Moser 10 g (Moser, Lyon, France), Difco Bacto Agar 15 g.
Fruits. Immature fruits of the apple cultivar Smoothee were harvested 106d after full blossom from an experimental orchard in Northern France and kept in aerated plastic bags at 4 "C. Mature fruits of the Golden Delicious cultivar were obtained from a store in Paris.
Inoculation. Apples were surface-sterilized in 8% (w/v) calcium hypochlorite. Wounds 5 mm in diameter and 3 mm deep were made at the equator with a cork-borer. A plug (5 mm in diameter) was taken from the margin of the growing mycelium. The mycelium was sliced off the plug with a scalpel and placed at the bottom of the wound. A plug of fresh medium was then used to fill the hole. Mycelial progression could be easily observed because of the radial growth of N. galligena at the surface of the fruit. The increase in diameter of the lesion was recorded and used as an estimate of pathogenicity and aggressiveness. 0001-2440 0 1985 SGM Induction, selection and characterization ojmutants. UVmutagenesis. A fungal thallus, grown for 3 d on a malt agar medium covered with a cellophane membrane, was exposed to UV light at 254 nm (750, 1000 and I250 J m-*). Immediately after UV treatment, the membrane was transferred in semi-darkness to malt agar medium supplemented with 250 pg BA ml-1 and buffered at pH 3.5 with 0.1 M-citric acid/0.2 M-phosphate. Petri dishes containing this screening medium were then placed in darkness for 15-20 d.
X-ray mutagenesis. A Petri dish supporting a 3-d-old thallus grown as described above was covered with an aluminium screen 5 mm thick and exposed to X-rays (10000 and 20000 rad) from a Baltographe 5-50 kV/20 mA, adjusted to 10 mA and 50 kV. After irradiation, the membrane was transferred to the screening medium and placed at 23 "C in the light for 15-20 d.
NTG mutagenesis. A cellophane membrane supporting a 3-d-old thallus grown as described above was transferred to screening medium which was also covered with a cellophane membrane; 0.1 ml N-methyl-"-nitro-N-nitrosoguanidine (NTG) in aqueous solution (150 pg ml-1 and 300 pg ml-I) was introduced between the two membranes, which were then placed at 23 "C in the light for 15-20 d.
From 8 to 15 d after mutagen treatments, depending on the mutagenic agent used, fast growth rate sectors were initiated from the margin of the culture. The hyphal tips of these sectors were isolated and allowed to grow on fresh medium in the presence, and in the absence, of BA. Sectors which grew well were retained and tested against the wild-type at pH 3.5 and 4.5 and at different BA concentrations.
Extraction and estimation of BA from apple tissue. BA was extracted in ethyl acetate (Brown & Swinburne, 1971 ) and quantified by capillary-gas-liquid chromatography (Noble & Drysdale, 1983) .
RESULTS
X-ray and UV mutagenesis gave rise to mutants whose growth rates were 30-50% higher than that of the wild-type, whether the medium was supplemented with BA or not. These mutants were as sensitive to BA as the wild-type (results not shown). Five mutants, designated NTG 1 to 5 , were obtained by NTG (300 pg ml-I) mutagenesis. When compared to the wild-type, their lag-phase at pH 3.5 and 4.5 on a medium supplemented with BA was shorter. At 200 pg BA ml-l and pH 4-5, their lag-phase was 1-2 d while that of the wild-type was 2-3 d (Figs 1 and 2) . At all BA concentrations, the growth rates of the strains were similar but NTG 2 and 5 tolerated higher concentrations of BA (150 pg ml-l and 300 pg ml-l at pH 3.5 and 4.5 respectively) than the wild-type (75 pg ml-l and 200 pg ml-1 at pH 3.5 and 4.5 respectively). For further studies, we selected NTG 2 and NTG 5 , and two fast growth rate mutants (CR 3 and CR 7) whose morphology on malt agar medium did not differ from that of the wild-type. Pathogenicity of the different mutants was maintained through inoculation in mature apples. Only NTG 5, CR 3 and CR 7, which caused a rot similar to that of the wild-type, were retained and were inoculated in immature fruits to test their aggressiveness.
Mutants CR 3 and CR 7 exhibited the same behaviour as the wild-type when inoculated at the equator of immature apples. In contrast, mutant NTG 5 seemed to be more aggressive than the wild-type when the strains were cultivated on malt agar medium (Table 1 ). In addition, a more abundant mycelium was observed in the wound colonized by the mutant. When the strains were cultivated on malt agar medium containing BA, the diameters of lesions subsequently caused by both strains were 3-4 mm larger than those observed when the fungi were cultivated without BA (Table 1) . This was observed 10 and 19 d after inoculation. When the diameters of lesions caused by the two strains were compared, NTG 5 was again more aggressive than the wild-type.
BA was extracted from lesions infected by NTG 5 and the wild-type cultivated on the two media described above (Table 1) . BA content was always greater in the infected area at day 19 than at day 10, whatever the culture medium; however, differences observed in BA concentrations between NTG 5 and the wild-type were slight.
DISCUSSION
Aggressiveness of mutant NTG 5 and that of the wild-type were compared by measuring the lesion diameter at the surface of the fruit. It has been shown (Swinburne, 1971 ) that N. gaZZigena can cause cell death well in advance of the hyphal tip, so that the diameter of the necrotic zone visible at the surface of the fruit does not necessarily reflect precisely the volume of tissues colonized by the fungus. However, the comparison between the two strains remains valid. 6.4 f 0.6 9.4 f 0*9** * The lesion diameter was determined by subtracting the diameter of the wound made by the cork-borer from that of the whole lesion. Each value is the mean of 15 diameters measured on 15 fruits infected per experiment. Each experiment was repeated three times. All values for the mutants were compared using a f-test for paired values to the respective wild-type strain grown on the same fruits. ** Significant at P = 0.01, *** significant at
The wild-type strain exhibited a more aggressive behaviour towards young fruits when grown on malt agar containing BA than when grown on malt agar without BA ( Table 1 ). This would indicate that adaptation to BA occurs in vitro and increases the aggressiveness of the wild-type. Although the mechanism of this phenomenon is not known, it suggests that BA is a resistance factor of immature apples. Mutant NTG 5 exhibited a more aggressive behaviour than the wildtype when inoculated in young fruits at the end of their maturation cycle. This was observed whatever the culture medium of the fungus before inoculation. With an inoculum grown on malt agar containing BA, the diameters of lesions NTG 5 were greater at day 10 and 19 than those obtained with inocula grown on malt agar without BA. This would indicate that the adaptation observed with the wild-type still occurs with the BA resistant mutant.
It has been shown that proteases of N . gaNigena are the elicitors of BA in immature apples (Swinburne, 1975) . However, the synthesis of proteases by NTG 5 compared to the wild-type strain has yet to be examined in detail. At day 19, the growth of NTG 5 and the wild-type strain occurred at nearly 500 pg BA (g fresh weight)-'. It is surprising that the two strains develop a rot in the presence of such high amounts of BA but one explanation could be that BA itself is not in contact with the fungus. BA is a weak lipophilic acid, and thus permeates membranes very easily in the undissociated form (Warth, 1977; Albert, 1981) , but it would dissociate in the cytoplasm, which is at pH 5.0-5.5 in both plant and fungus, into the benzoate anion, which might not be active against the fungus (Krebs et al., 1983) . If the BA is in contact with the fungus, three hypotheses can be advanced to explain the growth of the mycelium in such an environment : (1) the biosynthesis of BA occurs late so that the phytoalexin accumulates behind the hyphal tips in the macerated area; (2) a mechanism exists by which the fungus tolerates high levels of BA; (3) BA concentrations alone do not perfectly reflect the resistance of the fruit, and resistance would have been better estimated by relating the concentration of BA to the amount of fungus in infected tissues. At this stage in our work, it is difficult to favour one of these hypotheses. However, our results suggest a role for BA in apple tissue resistance.
